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Recent BABAR results on rare B decays involving flavour-changing neutral currents or purely
leptonic final states are presented. New measurements of the CP asymmetries in B → K∗γ,
B → K∗2 (1430)γ, and b → sγ are reported, as well as a new measurement of the B → K
∗γ
branching fraction. Also reported are updated limits on B → µν and recent measurements of
B → K(∗)ℓℓ and b→ sℓℓ. The data sample comprises 123 · 106 Υ (4S)→ BB decays collected
with the BABAR detetor at the PEP-II e+e− storage ring.
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Figure 1: Fits to the beam–energy substituted mass distributions in data events for: (a) B → Xsγ, (b) B → Xsγ
Contributions are shown from peaking Crystal Ball (dotted–dashed), fixed continuum Argus shape (dotted) and
free BB and cross–feed Argus shape (dashed).
1 Introduction
The study of radiative and leptonic rare B decays in search for significant discrepancies with
respect to the Standard Model (SM) theoretical predictions represent a very attractive field of
research. These decays can show some of the visible effects predicted by many extensions of the
SM whose measure allows to constraint (if not potentially to discover) new physics.
The BABAR ollaboration exploited the unpreedented PEP-II luminosity to perform an
extensive and detailed series of studies on these deays analysing a sample that omprise 123 ·106
Υ (4S)→ BB deays reorded by the BABAR detetor [1℄.
This paper will summarize the results of these searhes.
2 CP violation in radiative B Decays
Radiative deays b→ sγ proeed at leading order in the SM through one loop penguin diagrams.
The new elds predited by many extensions of the SM an ontribute with additional amplitudes
to this proess appearing as virtual partiles in the penguin loop diagrams. The omparison of
the measured inlusive branhing ratio (world average B.R.(B → Xsγ) = (3.3 ± 0.4) · 10−4 [2℄)
with respet to the SM theoretial preditions ( (3.6 ± 0.3) · 10−4 [3, 4℄ ) has already provided
some onstraints on the new physis beyond the SM [5℄.
The measurement of the CP violation an shed new light on the struture of this avour
hanging neutral urrent both testing the SM preditions and onstraining the spae parameter
of the SM extensions.
2.1 Direct CP violation in B → Xsγ decays
In the SM the CP violation in the inlusive proess B → Xsγ an be reliably predited [6℄:
ACP =
Γ
(
B → Xs γ
) − Γ (B → Xs γ)
Γ
(
B → Xs γ
)
+ Γ (B → Xs γ)
= 0.0044+0.0024
−0.0014 (1)
whereas in some Super Symmetri senarios sizable asymmetries ( ACP ∼ 10% ) are possible and
natural [7℄.
In this analysis [8℄ a sample of (88.9± 1.0)× 106 BB pairs olleted at the Υ (4S) resonane
is used. The B → Xsγ sample is obtained ombining the twelve full reonstruted self-tagging
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Figure 2: MES and ∆E
∗ distributions for the B → K∗γ candidates. The solid and dashed curves show respectively
the projections of the complete fit and background component alone.
deay hannels:
B− → K−π0γ,K−π+π−γ,K−π0π0γ,K−π+π−π0γ
B0 →K−π+γ,K−π+π0γ,K−π+π0π0γ,K−π+π−π+γ
B− → K0
S
π−γ,K0
S
π−π0γ,K0
S
π−π0π0γ,K0
S
π−π+π−γ.
Their harge onjugate is used to obtain the B → Xsγ sample. Fully reonstruted B →
Xsγ deays are haraterized by two kinemati variables: the beamenergy substituted mass,
mES =
√
(
√
s/2)2 − p∗2B , and the energy dierene between the B andidate and the beam
energy, ∆E = E∗B−(
√
s/2), where E∗B and p
∗
B are the energy and momentum of the B andidate
in the e+e− enterofmass frame, and
√
s is the total enterofmass energy. We require
andidates to have |∆E| < 0.10 GeV, and then we t the mES distribution between 5.22 and
5.29 GeV to extrat the signal yield. The positive identiation of harged kaons removes any
ontribution from b→ dγ.
ACP is obtained from the yield asymmetry between the B and the B sample orreting for
avour misidentiation and detetor asymmetry.
In Figure 1 the nal ts to the mES distributions for b→ sγ and b→ sγ events are presented.
We measure an CP asymmetry of (0.025± 0.050± 0.015), where the rst errors is statistial
and the seond systemati, orresponding to an allowed range of −0.06 < ACP (b→ sγ) < +0.11
at 90% ondene level in good agreement with the SM preditions.
2.2 Search for CP or isospin asymmetries in the B → K∗γ decays
The set of exlusive deays B → K∗γ provide other opportunities to test the SM preditions for
the isospin (∆0−, Eq. 2) and the CP asymmetries (ACP , Eq. 3):
∆0− =
Γ(B0 → K∗0γ)− Γ(B− → K∗−γ)
Γ(B0 → K∗0γ) + Γ(B− → K∗−γ) , (2)
ACP = Γ(B → K
∗γ)− Γ(B → K∗γ)
Γ(B → K∗γ) + Γ(B → K∗γ) . (3)
Table 1: B → K∗γ analysis: the results from the likelihood fit are summarized. The signal efficiency ǫ, the
fitted signal yield NS, the branching fractions Band the CP-asymmetries ACP for each decay mode are shown.
The combined branching fractions for B0 → K∗0γ or B+ → K∗+γ are also shown. Errors are statistical and
systematic, respectively, with the exception of ǫ and NS where ǫ only has a systematic error NS has only a
statistical error.
Mode ǫ(%) NS B × 10−5 combined B × 10−5 ACP
K+π− 24.4±1.4 582.6±29.7 3.92±0.20±0.23 }
3.92±0.20±0.24 -0.069±0.046±0.011
Ksπ
0 15.3±1.9 61.8±15.3 4.02±0.99±0.51
K+π0 17.4±1.6 250.9±22.6 4.90±0.45±0.46 }
3.87±0.28±0.26 0.084±0.075±0.007
Ksπ
+ 22.1±1.4 156.9±15.7 3.52±0.35±0.22 0.061±0.092±0.006
The SM predits a positive ∆0− between 5 and 10% [9℄, and ACP less than 1% [7℄. New physis
ontributions an modify these values signiantly.
This analysis uses a sample of 88.2 × 106BB. The K∗ is reonstruted in the self-tagging
deay hannels K∗0 → K+π− ; K∗+ → K+π0 , K0
S
π+ and their harge onjugates. For the
isospin analysis was also used K∗0 → K0
S
π0.
The signal yield and ACP for eah deay mode are reported in table 2.1, they are determined
with a two-dimensional extended unbinned maximum likelihood t to the mES and ∆E
∗
. ∆0−
is determined from the signal yields orreting for dierenes in signal eieny and lifetime
among the neutral and harged B. The preliminary results are:
ACP = −0.015± 0.036 (stat.) ± 0.010 (sys.) (4)
∆0− = +0.051± 0.044 (stat.) ± 0.023 (sys.)± 0.024 (R+/0) (5)
the rst being the statistial and the seond the systemati error. The third error on ∆0− is
related to the unertainty on the ratio of the branhing ratios reently measured by the BABAR
ollaboration [10℄:
R+/0 =
B.R. (Υ (4S)→ B0B0)
B.R. (Υ (4S)→ B+B−) = 1.006 ± 0.048
and aounts for the possibility of dierent prodution rate of harged and neutral B.
2.3 Search for time dependent CP asymmetry in B → K∗γ (K∗ → K0
S
π0)
The nal state K0
S
π0γ is aessible to both the B and the B through K0 −K0 mixing:
B0 →K∗0γ(K∗0 → K0
S
π0)
B0 →K∗0γ(K∗0 → K0
S
π0).
The interferene between deay and mixing an produe a time dependent CP asymmetry:
ACP (t) =
Γ(B0(t)→ K0
S
π0γ)− Γ(B0(t)→ K0
S
π0γ)
Γ(B0(t)→ K0
S
π0γ) + Γ(B0(t)→ K0
S
π0γ)
= S sin∆mt − C
where t is the time elapsed sine the B meson prodution, and C is the diret CP asymmetry
measured in the analysis previously desribed. In the SM the heliity struture of the hadroni
urrents strongly suppress the time dependent CP asymmetry [11℄:
S = 2
ms
mb
sin 2β ∼ 4% , |C| < 1%
We analyzed 124 million Υ (4S) → BB deays seleting 1916 B → K0
S
γ andidates. The
deay point of these andidates is obtained interseting the K0
S
ight diretion with the beams
line. The avour and the deay point of the ompanion B is determined with an inlusive
reonstrution [12℄. The t to ACP (t) give the preliminary result [13℄:
S = 0.25 ±0.63 ± 0.14
C = −0.57±0.32 ± 0.09
where the rst error is statistial and the seond systemati.
2.4 Measurement of the B → K∗2 (1430)γ branching ratio
During the last year the BABAR ollaboration analyzed 88.5 × 106 BB events to measure the
B → K∗2 (1430)γ branhing ratio [14℄. The andidates are reonstruted in the deay hannels:
B0 → K∗2 (1430)0γ (K∗2 0 → K+π−)
B+ → K∗2 (1430)+γ (K∗2+ → K+π0,K0Sπ+)
It is interesting to note that the most dangerous bakground in this analysis is represented by
other rare B → Xsγ modes (mainly B → K∗(1410)γ ). The K∗2 (1430) is a JP = 2+ resonane
whereas the K∗(1410) has JP = 1− then the distribution of the heliity angle ϑH of the kaon
in the K∗ rest frame does dier for signal and bakground. We measure the signal yield with a
multidimensional t to cos ϑH , the energy substituted mass mES , and the enter-of-mass frame
energy dierene ∆E. The preliminary measurement of the branhing frations are:
B.R.(B0 → K∗2 (1430)0γ)= (1.22 ± 0.25±0.11) × 10−5
B.R.(B+→ K∗2 (1430)+γ)= (1.44 ± 0.40±0.13) × 10−5
in good agreement with the SM theoretial predition [15℄:
B.R.(B → K∗2 (1430)γ) = (1.48 ± 0.30) × 10−5.
3 Measurement of b→ sℓ+ℓ− branching fractions
The proess b → sℓ+ℓ− is another very promising eld of researh. With respet to the b→ sγ
deays there are two additional diagrams ontributing to the proess: a penguin diagram with a
Z0 insertion and a box diagram:
q q
b st
W
γ , Z
l +
l −
q q
b st
W +W −
ν
l − l +
Sine the last year the BABAR ollaboration nalized on 113 fb−1 [16℄ the measurement of the
branhing ratios B → K(∗)ℓ+ℓ−.
B.R.(B → Kℓ+ℓ− ) = (6.5+1.4
−1.3±0.4
)× 10−7
B.R.(B → K∗ℓ+ℓ−) = (8.8+3.3
−2.9±1.0
)× 10−7,
and performed a preliminary measurement of the inlusive branhing ratio B → Xsℓ+ℓ− using
a sum over exlusive modes in whih Xs is omposed by one kaon, one harged pion and/or one
neutral pion [17℄:
B.R. (B → Xsℓ+ℓ−) = (6.3 ± 1.6+1.8−2.5)× 10−6.
All these results are in good agreement with the SM theoretial preditions.
4 Leptonic B decays
The study of the purely leptoni B+ → ℓ+νℓ an provide sensitivity to poorly onstrained SM
parameters and also at as a probe for new physis. In the SM the reation proeed through
bu→W+ → ℓ+νℓ and the branhing ratio is given by:
B.R.(B+ → ℓ+ν) = G
2
F mBm
2
ℓ
8π
(
1− m
2
ℓ
m2B
)2
fB |Vub|2 τB,
where GF is the Fermi oupling onstant, mℓ and mB are the lepton and meson masses, fB is the
B deay onstant, Vub is the relevant CKM matrix element and τB is the B + lifetime. Currently
the fB parameter omes from lattie QCD simulation and is aeted by a 15% unertainty.
Observation of B+ → ℓ+νℓ ould provide the rst diret measurement of fB. Unfortunately
leptoni deays are strongly suppressed by heliity and there are not yet experimental evidene
for suh deays. Using 88.4 million BB events BABAR set an upper limit on the branhing ratio
B.R.(B+ → µ+νµ) < 6.6 · 10−6
at the 90% ondene level. This limit is onsistent with the SM preditions.
5 Conclusions
The unpreedented luminosity of the B-fatories permitted to perform new extensive and detailed
tests on the proesses b→ sγ and b→ sℓ+ℓ− involving avour hanging neutral urrents. There
are no experimental evidenes of CP violation in the b → sγ at the 5% level and the SM
preditions are onrmed. Both BABAR and Belle are olleting a riher data sample that will
onsent more stringent tests of these aspet of the SM and eventually bring in a near future some
surprises.
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